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$\xi$ $v$ $\xi>>\delta$ $v=1$
Brown










$v_{b} \cong 1-xb=1-(\frac{WT_{b}}{WT_{a}})^{1/3}\chi_{a}$ (3.5)
(3)
CTRW (3.2) 4
$v$ $0$ .IWTP/0, 0.$9WT$%,
1. $5WT$% $v=0.94,$ $v=0.89,$ $v=0.8\grave{5}$ (Brown )
































































Fractional Brown $a=1,$ $\beta=1$ Brown Langevin
(4.2)
$\{\begin{array}{l}x(0)=x0, v(0)=v0m\langle v_{0^{2}}\rangle=k_{B}T\langle f(t)\rangle=0, \langle f(t)f(0)\rangle=2m\lambda k_{B}T\delta(t)\end{array}$ (4.7)
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Fractional Langevin
4. 2 Fractional Langevin
Laplace Caputo
Laplace $( L, s)$
$L[ \frac{d^{\alpha}}{(dt)^{\alpha}}F(t)]=s^{\alpha}\hat{F}(s)-s^{\alpha-1}F(0),$ $(0<\alpha<1)$ (4.8)
Fractional Langevin (4.6) Laplace
$\{$ $\hat{x}(s)\hat{v}(s)$ $= \frac{s^{\alpha-1}}{\frac{x}{}+s^{\alpha}+\lambda^{\alpha},s0}v0+\frac{1\hat{f}(s)}{s_{v_{0}+\lambda^{(\alpha}}^{\alpha_{+\lambda}\alpha}m}=\lambda^{(\beta-1)_{\frac{s^{\alpha-(\beta+1)}\lambda^{(\alpha-1)}}{s^{\alpha}+\lambda^{\alpha}}}+\beta-2)_{\frac{s^{-\beta}\hat{f}(s)}{s^{\alpha}+\lambda^{\alpha}m}}}$ (4.9)
Laplace Laplace
Laplace Mittag-Leffler
$E_{\eta,\mu}[t] \equiv\sum_{n=0}^{\infty}\frac{t^{n}}{\Gamma(\eta n+\mu)},$ $(\eta>0,\mu>0)$ (4.10)
[8].
$L b^{b-1_{E_{a,b}}}[\pm At^{a}]=\sum_{n=0}^{\infty}\frac{(\pm A)^{n}}{\Gamma(an+b)}L[t^{an+b-1]=\frac{1}{s^{b}}\sum_{n=0}^{\infty}(\frac{\pm A}{s^{a}})^{n}}=\frac{s^{a-b}}{s^{a}\mp A}$ (4.11)
$L^{-1}[ \frac{s^{a-b}}{s^{a}\mp A}]=t^{b-1}E_{a,b}[\pm At^{a}]$
(4.12)
















4. 3 Fracfional Langevin
Fractional Langevin (Fractional Brown )
(4. 16) Fractional
Brown FBM($\alpha J$) Brown $BM$
(4.16) $D_{0}=k_{B}T/m\lambda$
(1)
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4.1. Fractional Brown [ 7 ]
$\alpha,$ $\beta$










4.2. $\alpha$ [ 7 ]
$\lambda t$





Fractional Brown Fractional Langevin (4.6)
( )

































$C(0,x)=\{\begin{array}{l}1 (x=1)0 (otherwise )\end{array}$ (5.5)
5.3
5.1 5.2 5.4 $\alpha$
$x$ ( $\ulcorner-0.1$ 0.5 0.1 )
5.5 $\Gamma-0.5$ ( $-2$ )


















































































x-y-z $L_{X},$ $L_{y},$ $L_{z}$
( 6.1 ).
$x$ $x$
y-z Ayz($=L$ ) $x$ L
$x$ y-z $A_{yz}^{F}$ $x$
$L_{X}^{F}$
$D_{0}$












$L_{X}^{F}=( \frac{L_{x}}{l})^{\alpha_{x}}$ $l$ (6.6)
$A_{yz}^{F}$
$l^{2}\ovalbox{\tt\small REJECT}$ y-z
$A_{ }=( \frac{L_{yz}}{l})^{\alpha_{yz}}l^{2},$ $L_{J^{Z}}=\sqrt{L_{y}L_{z}}$ (6.7)
z $L_{y}\neq L_{z}$ $A_{yz}$
(6.6) (6.7) (6.5) $x$
$D_{x}^{F}=D_{0}( \frac{L_{yz}}{l})^{\alpha_{yz}-2}(\frac{L_{x}}{l})^{1-\alpha_{x}}$ (6.8)
$\alpha_{y }=2,$ $a_{X}=1$ $D_{x}^{F}=D_{0}$
y-z
6.1 [ 10 ]
(2)





















( ) $\alpha$ , $l$
$dX=l^{1-a}(\ )^{a}$
$A_{yz}^{F}$ 2
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$x/L$
6.2 [ 10 ]
(2)2
$A_{yz}^{F}$
$Q_{X}=-A_{yz}^{F} \cdot D_{0}\cdot\frac{d}{dX}C(x)$ (6.22)
$dX=l^{1-a}(\ )^{a}$
$\Delta C$ $\Delta X$ $\Delta X$




$Q_{x}=-A_{)Z} \cdot D_{x}^{F}\cdot\frac{d}{dx}C(x)$ (6.24)
$\Delta C$ $\Delta x$
$A_{yz} \cdot D_{X}^{F}\cdot\frac{\Delta C}{\ovalbox{\tt\small REJECT}}$ (6.25)
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